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A  eoBipsratl'M  study  of  ths  sialls  acid  cooeeotratiea  of  the  brslos 
Aod  tissues  of  usrteus  eniasla  «as  cede  in  order  to  detem&ne  uhether 
differenoee  vsre  feesent  ulUek  eeuld  be  eorcelsted  uieh  the  pfeylofenetie 
leuel  of  Ifte  nsruous  systeis* 

Sisiie  ecidt  probably  in  the  form  of  ■•see^laeusamittie  sold  (KIMA) 
lee  prssent  to  eboxdste  breiiis  in  both  the  isnglioside*  6,  and  llpid*fiee 
residue^  R.  For  G  tbo  ranfe  uas  300*600  mg*  X  of  the  total  lipids  and  for 
1,  350^600  ag»  X  of  tbd  total  lipid*free  residue*  Iheae  uere  no  dlfferenees 
uhtch  could  be  eorreleted  uith  the  pl^loteaetie  level  of  the  nervous  systesu 

Zn  animals  uith  dlffoso  nervous  flystecs  ebolo  tissues  vers  analysed 
and  conpared  to  ebolo  oouso  tissue.  In  ebolo  aouse,  sea  uittbias,  aed  clans 
the  E  and  0  fractions  uero  aiailar  and  contained  both  HWA  and  R^glycoylaenraalflic 
aeid>  RGttk.  In  snails  the  1  fceetlon  coetalned  UIA,  MM  aed  an  unldsnttfiai 
spot  uith  the  color  charaetetiaties  of  ahildnic  and  cainic  acida.  Ihn  0 
fraccioa  ooutained  no  MKA.  Chiteos  and  sea  anencnse  uere  slailars  Ms  G 
fraction  eentaised  both  MM  and  MM  iddlo  MM  uas  aisaiag  in  the  E  fcaetien. 

All  cha  Mole  tisauee  escept  tho  sea  urchin  contained  unidaotitted  spots  la 
addlCiM  to  the  HdM  sad  MM.  ^ 


HEURAMIKJX’  ACID  A®  CErimi  NERVOUS  S’iSTEI^  FIJNCTIOH 
(Nduraalolc  Acid  1h  the  Brain  and  Tissues  of  Various  Aoiasala) 

The  research  carried  out  under  this  contract  has  been  concerned  with  the 
probleiBB  of  determining  the  role  of  sialic  acids  (i.e.  R-acetyl -neuraminic 
acid,  SANA/'  in  central  nervous  system  function.  In  an  earlier  technical  note 
(l)  ejiperiaentB  vere  described  in  vhlcb  HANA  was  Injected  into  experimental 
animals  with  no  measurable  physiological  effect.  If  RASA  does  have  a  physiological 
function  which  we  >?ere  unable  to  measure,  it  may  be  that  its  addition  to  animals 
already  having  a  normal  concentration  of  tIARA  would  not  be  expected  to  show  any 
physiological  activity.  A  better  test  animal,  then,  would  be  one  in  which  HAHA 
was  depleted,  lacking  or  inactivated  in  some  manner.  The  experiments  described 
here  include  a  conipav'ative  study  of  the  sialic  acids  present  in  the  brains  end 
tissues  of  various  animals  in  order  to  determine  whether  there  axe  species  which 
do  not  have  MRA.  It  was  also  thought  th;^t  the  KARA  concentration  in  the  brain 
might  be  correlated  in  some  manner  with  the  positions  of  the  animals  on  the 
evolutionary  scale.  Such  a  correlation  might  provide  a  clue  to  KANA  function. 

PROCEDURE 

Kl.ole  brains  of  animals  were  employed  for  the  phyla  Chordata  and  Arthropoda 
(Cancer  magister) .  The  chord ates  analyzed  vere  man,  cattle,  pigs,  Long<-Evaos 
and  Wlstar  rats,  Swiss  Webster  mice,  Calif ornle  white  Leghorn  chickens,  turtles, 
gopher  snakes,  grass  frogs,  and  rainbow  trout.  For  larger  animals,  single,  whole 
brains  were  used,  while  with  cmaller  animals  it  was  necessary  to  pool  the  brains. 
The  human  brain  was  a  mixture  of  5C  percent  white  and  ^0  percent  gray  matter  from 
a  case  of  subacute  scleratizlng  leucceneephalitls  obtained  as  a  dried  sample  from 
G.  W.  F.  Edgar.  The  brains  vere  removed  Inaediately  upon  sacrificing  the  animals 
and  in  general  vere  not  pez'fused.  A  comparison  of  perfused  and  non-perfused 
rat  brains  shoved  no  significant  difference  (Table  1).  !nie  Isolated  brains  vere 


■2- 


theo  freeze-dried,  held  vacuo  over  ^2^5  boura^  and  weighed  again  to 

detemlne  the  watCi*  content. 

The  phyla  with  diffuse  nervous  systeas  that  were  analyzed  included  the 
Molluscs:  land  snails,  clans,  chitons  (Crrotocblton  stellerl) ;  Echihoderiataf 
sea  urchins  (Strongylocentrotus  purpuretus) ;  end  Coelenterata:  sea  anenotnes 
(Anthopleura  Xanthogrenalca) .  Only  the  soft  tissues  of  these  animals  were  uepd 
except  with  the  sea  urchins  where  only  the  Aristotle's  lantern  was  used.  A 
whole  mouse  was  analyzed  in  the  same  manner  as  representative  of  animals  with  a 
central  nervous  syetea;  the  tissues  were  homogenized  and  then  dried  as  with  the 
brain  tissue. 

The  dried  tissues  were  divided  into  two  fractions  according  to  the  method 
of  Svennerholm  (2):  a  lipid  soluble-water  soluble  fraction  wbibh  includes  the 
ganglloside  fraction,  0,  and  a  lipid-free  residue  B.  The  lipid  soluble-water 
Insoluble  fraction  was  discarded.  The  fractions  were  obtained  by  extracting  the 
tissue  under  reflux  for  2  hours  with  10  ml.  of  methanol {chloroform  (2:1). 

The  lipid-free  residue  was  then  dried  In  vacuo  over  P2O5  (after  removal  of  the 
residual  organic  solvent  ,  weighed,  and  the  lipid  calculated  by  difference. 

Some  sialic  acid  analyses  were  carried  out  by  hydrolyzing  the  lipid  extract 
directly  aftCT  removal  of  the  organic  solvents  (discussed  under  correction  factors). 
In  the  final  method  adopted,  10  ml.  of  chloroform  and  5  ml*  of  0.1  percent  KaCl 
were  added  to  the  original  10  ml.  of  lipid  extract.  The  two  phases  were  then 
mixed  thoroughly  and  separated  by  centrifugation.  After  removal  of  the  aqueous 
layer  the  residual  organic  layer  was  washed  twice  with  5  ml.  portions  of 
cbloroform;methanol;0.1^  KaCl  (3:^8:^7}*  ^be  three  washes  were  then  combined  and 
evaporated  to  dryness. 

The  0  fraction  was  dissolved  in  0.1  N  sulfuric  acid  and  hydrolyzed  for 
3  hours  at  80°  C  in  a  tube  heater.  Fig.  1,  curve  A,  shows  the  hydrolysis  time 
curve  for  rat  brain  G  fraction  indicating  the  three  hour  maximum.  Three  hours 
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was  also  foutu!  to  be  acceasary  for  porcine  and  bovine  brslxij  and  the  resainiag 
B8n5)lfcB  wers  arbitrarily  hydrolysed  for  the  saise  tlBe  period. 

Up  to  120  Bg.  of  llpld-free  reaidue  were  suapeoded  in  3  >>>1.  of  0.1  IT  BjgSO^ 
(0.15  K  for  sea  urchins  and  chitons  because  of  the  buffering  of  salts  present) 
and  hydrolyzed  for  2  hours  at  80°  C.  Pig.  1,  carve  B,  sho'.fs  the  hydrolysis 
tlue  cui've  for  the  R  fraction  froa  rat  brain.  These  same  conditions  were  found 
to  be  necessary  for  bovine,  porcine,  end  human  brain. 

The  sialic  acid  in  tbe  hydrolysate  was  determined  by  the  2'tbio»barbltui'lc 
acid  method  of  Warren  (3).  Tbe  cyclohexanone  layer  was  read  in  a  Bausch  and 
Lornb  epectrophotoaeter  at  550  mi^  and  530  mt^  and  the  curve  of  Jacoby  and  Warren 
(k)  was  used  to  correct  the  results  for  interfering  coa^jounds  which  form  a 
ebromogen  with  an  absorption  mexlmuB  at  530  a!t\. 

If  rat  brain  lipid  fraction  Is  hydrolyzed  directly  and  then  analyzed  for 
RARA^  curve  A  of  fig.  2  is  obtained.  Therre  la  ea  high  as  40  percent  interference 
by  the  530  an^  chrouogen;  If  tbe  figures  are  corrected  for  this  Interference 
curve  C  of  Fig.  2  ie  obtained. 

On  tbe  other  hand,  fraction  G  abowed  only  0  to  6  percent  Interference 
(ciTTve  B  of  Pig.  2)  for  the  same  pool  of  brains.  Therefore,  because  of  tbe 
large  correction  neceesaiy  for  brain  lipid  extract,  the  G  fraction  vaa  used 
for  all  tbe  data  presented  here.  In  tbe  0  fraction  of  tbe  crab  brain  In 
contrast  to  all  the  other  brain  samples,  the  interference  was  52  percent. 

(There  is  some  question  regau-ding  tbe  accuracy  of  dissection  of  the  crab 
brains  and  possibly  other  tissue  was  included.) 

The  corrections  for  the  R  brain  fractions  ranged  from  $  peresnt  to  I6 
percent  except  for  crab  where  tbe  correction  was  90  percent. 

In  the  whole  tissues  the  corrections  were  higher.  In  the  Q  fraction 
the  Interference  ranged  from  31  percent  in  snails  to  79  percent  In  chitons. 

The  interference  ranged  from  100  percent  in  sea  anenomes  to  36  percent  for 


whole  Bouse. 
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Sltice  the  BSin  interest  was  to  fletennlne  whether  HAHA  was  present.  It 
vm  hoped  that  papor  chromatography  would  iDdicate  the  preeenca  of  sialic 
acids  qualitatively  and  no  further  work  was  done  to  reicove  the  interfering 
chroBOgens  during  the  analytical  procedui-e. 

HAHA  vas  used  as  a  standard.  It  was  prepared  according  to  the  procedure 
of  Kartennaoiin  et  al  (5)  except  that  the  start lug  cater ial  vas  fraction  IVi 
froffl  huEan  blood  serua  which  contained  1.3  percent  KAM.  IPlie  procedure  has 
been  outlined  in  (l).  The  crude  KAKA  was  crystallized  from  glacial  acetic 
acid  (6)  ox*  .from  ffietbanol  (;>). 

H-glycoIylneuraBlnlc  acid  (Nt^)  vas  prepared  from  porcine  subnaxlllary 
aucin  according  to  the  saxe  procedure. 

The  results  of  the  sialic  acid  analyses  on  anlnal  brains  are  given  In  Tab3« 

1  for  both  the  3  usd  R  fractdona  along  with  water  and  lipid  content.  The 
whole  tissue  analyses  are  in  Table  2.  The  results  are  calculated  in  three 
ways:  ng.  percent  of  the  total  lipids  or  lipid-free  residue,  ng.  percent 
of  the  total  dr7  brain,  and  ng.  percent  of  the  total  fresh  brain.  Where 
applicable,  standajr'd  deviations  are  given  calculated  accoi'ding  to  Dean  and 
Dixon’s  statistical  short-cuts  foi’  observations  on  saali  nurabero  of  sonples  (?)• 

After  the  brain  and  tissue  sasples  were  analysed,  like  speclBena  were  pooled 
and  the  sulfuric  acid  removed  by  bariura  hydroxide.  The  saiapleB  were  then 
placed  on  ion  exchange  resins  Just  us  for  the  standard  NAIIA  preparation. 

These  pooled  sanples  were  used  for  the  paper  chrorsatogz-aphy . 

Descending  paper  chrooatography  was  carried  out  on  Whatman  Ho.  1  filter 
paper  in  solvent  system  ethauol:^0:RH3(60:20:l} .  The  saomles  were 

run  Individually  at  a  level  of  75  to  125  microgrrimB  to  determine  whether  one  or 
more  of  the  sialic  acids  were  present.  The  samples  were  then  run  at  a  level 
of  25  tnicrograas  nixed  with  on  equal  amount  of  NAHA  or  HGHA  as  a  further  check 
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on  tbs  Identify  m'  the  A  cec^iid  eolve^.t  s;'8'l:f'rn  (BFH)  ,  n-bui’xfo]  ;r.“i'’''5i>rai)ol 

0.1  I  L'Cl(l:2:l)  "as  iJ.fiO  .vrxpiayed  vh-tre  there*  !'aa  safilcieat  aaount  of  eainple. 
Ax't,er  dryirig,  Y.he  papers  were  sja’ayed  with  thiotai'biturlc  acid  softer  the  afsthoi 
of  Warren  (6).  The  chroraatograiaii  were  obeerved  under  ultraviolet  and  visible 
light  -li.'.;!,  unit'Set  utaied  ocherwlse,  the  saraplea  showed  che  sair.e  colcr  as 
the  hAKA  uad  fst’fHA. 

The  res'tltB  of  the  EHIi  chror/itogracby  «re  presented  scheaaticalLy  ir 
b'ig.  3  (d  .■’i-actlc  )  -lUd  IMg.  h  (R  fraction).  The  spots  lor  RAM  and  RhlA  eh-ow 
the  range  of  valuea  obti.ined  in  seven  experioenta  (K.lhA  average  .  0.33, 
and  MBA  a '/erase  r 

RESULTS 

Kan;  l'<jr  the  G  fraction  the  results  were  I7B  isg.  %  NANA  f©r  dried 
brain  from  *  50-50  mixture  of  cerebral  cortex  and  white  matter.  Results 
correspond ing  to  tbs  G  fraction  have  been  repcrrteci  by  other  workers  for 
tbeee  tissues  eepaiately  (9,  10,  11,  1?).  If  these  results  are  calculated 
in  the  saise  v.ay  &ii  d-ore  they  range  aiovnd  our  sample  (158  oig.  to  302  mg. 

The  R  fiaction  Of  huruaii  brain  contained  ')&'{  mg.  ^  KARA  in  the  lipld- 
fve*  rdsll;ie.  3vua;:crboln)  (13^  has  reported  thet  in  this  fi’actlon  be 
•btalned  ‘-iOO  reg.  from  the  cortex  and  about  haLf  this  value  fr«in  the  white 
matter.  O.u-  results  On  the  basis  of  50-50  white  ma  and  cortex  would  be 

higher  thdin  SvennevhOlm'a .  Our  results  agi’ee  with  Sveunerb^la  in  the  finding 
that  the  R  fraction  hud  a  higher  MliA  content  than  the  G  fraction.  The 
actual  ratio  -A'  R  A’AHA/  G  RAPA  \me  .1.7  dry  brain. 

Since  the  literature  reports  that  EA5A  is  the  foi’n  Of  sialic  acid 
in  human  brain  (I3,  lA)  for  both  G  and  R  fractions,  the  human  sami'l*  was 
not  chromatographed . 
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Beef;  The  bovine  G  fraction  contained  20?  ng*  $  KAM  in  dry  brain.  The 
total  brain  RAEA  vas  355  ng*  $  vhich  is  lower  than  the  465  i»8*  ^reported  by 
Svennerholm  for  celf  brain  (15). 

CtaroiDBtograpby  showed  only  NARA  in  the  0  Traction.  Whether  the  sialic  acid 
was  zilso  In  the  fora  of  0>acetyl  vas  not  detemined  since  this  fom  would  be 
destroyed  In  the  use  of  the  ion  exchange  columnd. 

The  R  fraction  contained  148  ng.  it  lARA  In  dry  brain.  Zn  contrast  to  the 
human  results  the  ratio  of  R  NANA/  G  KARA  vas  0.7 > 

In  BHR  only  KARA  was  evident  at  the  225  Bicrograa  level,  but  In  solvent 
BPH  a  spot  at  the  level  of  NONA  vas  dlscernable.  The  spray  technique  Is 
supposed  to  detect  5  alcrograas  of  K29U  (8) .  The  questionable  presence 
of  RGRA  in  bovine  brain  is  in  contrast  to  the  high  percentage,  64  it,  in  aerias 
and  kidney  of  ox  (l4). 

Pork;  The  G  fraction  contained  I95  ng.  $  KARA  in  dried  brain  with  a  total 
of  332  mg.  i  KARA,  as  compared  to  a  total  of  446  mg.  ^  obtained  by  Ovennerhola 
(15).  In  solvent  EBR  only  KARA  vas  present  at  the  level  of  100  mlcrograas,  but 
In  solvent  EFH  there  nay  have  been  a  spot  at  the  level  of  HOHA.  Considerable 
tailing  in  this  solvent  nade  it  difficult  to  deterolne  individual  spots. 

The  R  fraction  contained  137  ag.  ^  KARA  for  dry  brain,  vitb  the  ratio 
of  R/  G  KARA  0.7  as  for  bovine  brain.  The  chromatography  results  vere 
similar  to  those  of  bovine  brain  except  that  there  appeared  to  he  more  materlsJi 
at  the  level  of  NGKA  In  solvent  BPH.  These  results  are  similar  to  those  for 
bog  servua  (15^  NGNA),  kidney  (l4^  RCRIA)  and  gastric  mucosa  (20)(  NGRA)  (l4). 

Rat:  The  NARA  content  of  the  G  fraction  vas  256  mg.  i  for  dry  brain 
i3f$  higher  than  the  results  of  Long  and  Staples  (16)  who  reported  on  lipid 
KARA  from  cerebral  cortex  and  vblte  matter. 

Chromotography  of  75  nlcrograms  la  solvent  EER  shoved  the  presence  of  SARA, 
material  In  the  Rf  range  from  0.2  to  O.3  and  a  spot  at  O.55.  In  solvent  BPS 
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tbi  ^.’as  ec  intense  vitb  100  ffiicrcgr-affls  that  only  MHA  could  be  diatinguisbcc! 

with  certainty. 

The  R  fraction  contained  201  oig.  $  BMSk  in  dried  brain  with  a  ratio  of 
P./G  of  0.8  which  was  similar  to  the  bovine  and  porcine  results. 

Chromatography  of  T5  wicrograas  of  R  sialic  acid  lu  solvent  EHR  showed 
HAKA,  a  small  spot  at  0.33j  and  also  at  0.55 

Mouse:  The  0  fraction  conxaiaed  312  mg.  EAHA  in  '-ry  brain,  the  highest 
value  among  the  animals  analyzed.  The  R  fraction  contained  2l8  mg.  it  HAM  In 
dry  bralc  with  an  R/G  ratio  of  0.7  {the  same  as  the  other  mammals,  except  the 
human) .  In  solvent  BH9  at  125  microgreDs  only  HAM  was  tiisceraable  in  both 
fractions.  In  solvent  BPfi  at  25  micrograms,  this  was  also  true. 

Turtles:  The  turtle  results  were  124  mg.  %  and  189  mg.  Jk  SAHA  In  dry 
brain  for  ‘f  and  R  respectively,  with  a  ratio  of  R/O  cf  I.5  similar  to  the 
huiTiaa  restalts. 

The  chromatography  results  were  cot  clear-cut  and  because  of  the  lack 
of  materia?-  could  not  be  repeated .  This  is  true  for  both  G  and  R  and  the  results 
were  obtalred  in  solvent  EHH  only,  ^fnen  100  mlcrograais  of  sialic  acid  were 
chromatographed  alone,  a  single  spot  was  obtained  with  an  Rf  of  0.33*  When 
the  chromatography  vae  repeated  with  the  addicion  of  KGHA  two  spots  were  evident, 
one  with  the  Rf  of  0.44  indicating  HAM.  The  question  as  to  whether  HQHA  is  also 
present  above  that  which  was  added  is  unanswered.  A  porcine  sample  that  was 
analyzed  at  the  same  time  ss  the  100  mlcrogram  tiurtle  sample  also  bed  an  Bf 
similar  to  HGM,  but  on  repeating  the  porcine  sampl.e  several  times,  the  Rf 
was  0.44  indicating  NAHA.  The  turtle  spot  was  also  elongated  so  that  it  is  possible 
that  two  components  were  present;  however  fish  sialic  acid  run  at  the  same  time 
also  appeared  elongated  and  was  later  determined  to  be  only  NAHA. 

Snakes!  The  results  for  gopher  snakes  were  very  similar  to  those  for 
turtles  both  acalytically  and  chroinatographically .  The  G  fraction  contained 
161  tog-  end  the  R  fraction  I63  ng.  HAHA  in  dry  brain  with  an  R/G  ratio  of  1. 
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Hrjth  fractior^e  cortained  NANA,  but  jsay  al,ao  cuntalo  N/>KA- 

Prog;  Dry  braliig  coutaiced  ,135  p>E*  MRA  aod  ;585  rcg.  i>  R  NASA- 

The  G  fracciot!  wao  cbramatograjt»bed  at  a  level  of  115  rslcrograina  while  the  R 
fractl''!n  wae  chroffiatographed  at  ?0  micrv^graiBB.  Ovm  apot  wae  visible  at  0.33 
lii  oi  mixed  sample  with  K‘3NA  only  one  spot  was  also  visible,  but  there  may 
not  have  been  enough  frog  sialic  acid  in  the  mixture  to  be  visible. 

One  pool  of  frag  braitia  was  quite  differeat  frcm  the  others.  There  was 
a  great  de^l  of  interfering  material  (505t)  In  the  thlobarbiturlc  acid  tes 
viiich  was  visible  to  the  naked  eye. 

Pish;  Although  it  was  thought  that  the  sialic  acid  values  in  rainbow  trout 
would  be  the  lowest  anx^ng  the  chordates  this  was  not  the  case  (G  z  l6y  mg. 

R  X  1^51  mg.  $  SANA  in  dry  brain).  The  ratio  of  R/G  was  1.3  as  for  human  brain. 

In  solvent  EHH  at  I'?'}  mlcrograma,  NASA  was  the  only  coaqponent,  and  in  solvent 
BPfi  at  25  raicrogroas,  plus  and  minus  NCiNA  and  NASA,  the  results  were  consistent 
with  SANA  being  the  only  type  of  sialic  acid  present. 

Crab:  Becduse  of  the  previously  aentloced  difficulties  in  dissection,  the 
results  oa  crab  aay  be  In  error  (G  shovred  T  ng*  and  R  14  mg.  $  NAHA  In  dry  brain). 
Chromatography  of  ;4  microgruitc  of  G  and  l6  micrograos  of  R  in  solvent  EHN  showed 
one  spot  witli  an  Rf  of  O.33.  In  addition  there  was  also  a  spot  in  R  with  an 
Rj^  of  0.2p 

Table  2  gives  the  sialic  acid  content  of  G  and  R  fractions  of  whole  tissues 
of  ar-lsals  with  diffuse  nervoua  systems.  Whole  mouse  tissue  was  also  analyzed 
for  3.  coBparlsoa.  The  cbroiaatagraphy  results  are  in  Pig.  3  and  4.  ’‘.he  chromato¬ 

grams  and  the  analytical  procedure  shov;ed  much  more  interfering  material  even  in 
the  G  fraction.  Although  the  water  extraction  excluded  a  treiaeiidous  ainounC 
of  lipid  material  that  was  very  colored,  there  were  compouads  soluble  in  the 
aquer.us  solution  that  we  did  not  find  in  the  brains  of  chorda tes.  All  of  the 
interference  was  not  remo/ed  by  resin  chroraatography;  2-lceto-3-decxygluconic  acid 
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l3  c'Ae  "Cicpouod  which  would  renaln  cn  the  Tkswex  2  giving  the  sane  colored 
product  as  the  eiallc  acids. 

Mouse:  The  coaceatratlon  cf  sialic  acid  in  the  6  and  R  fraction 
ano'octed  to  23  urg.  ^  and  79  ®S*  i>  respectively  in  whole  dry  tissue  which 
is  much  lover  than  the  brain  content  of  s ialic  acid .  Long  and  Staples  ( l6) 
studying  :rats,  reported  t)\at  sialic  acids  in  the  fraction  were  found  in  the 
bralup  but  not  iu  liver,,  heart,  cr  8'.eall  intestine,  and  very  little  in  lung, 
skeletal  muscle,  kidnoy.  uterus,  and  adipose  tissue.  From  cur  results  on 
sialic  acid  in  the  d  fraction  of  blood  and  brain  ve  found  that  almost  60$ 
of  the  sialic  acid  vaa  still  unaccounted  for. 

ChromatograpLy  in  ESN  shoved  roughly  equal  amounts  of  lANA  and  HGKA  in 
both  fractions.  There  vere  also  small  aicounts  of  material  vlth  Rfs  of  0.2 
and  0.56.  Warren  (  17)  has  reported  the  presence  of  R7NA  in  rat  vagina. 

Snalx:  By  analysis,  snails  shoved  6  mg.  ^  0  KAHl  and  79  mg*  % 

H  in  dry  tissue.  On  chromatography  of  37  micrograms  of  0  no  NAKA 
was  ^cund.  Considerable  material  x'emained  at  the  origin.  There  vas  a 
small  amouut  of  material  with  Bf  about  O.3  which  shoved  tailing  from  the 
origin . 

The  R  fraction  (12^  micrograme)  shOved  very  intense  spots  at  HA8A  and 
NGXA  in  solvent  SifiN.  The  spot  at  HAXA  was  greeclsb>blue,  however.  When  thla 
sample  xms  run  in  HPH  for  37  hours  instead  of  2k  hours  the  two  spots  wsre 
separated  I'^to  two  spots  at  the  position  of  KARA  and  RGMA^and  the  blue  spot 
vas  ahead  of  :i^AKA.  Because  the  solvent  front  bad  moved  off  the  paper,  the 
Rfg  could  not  be  calculated.  Under  ultraviolet  light  the  KARA  and  KC7RA  spots 
were  identical  in  color  to  the  known  eeiiplesof  RARA.  The  two  spots  were  not 
Isolated  and  rechronatographed  to  determine  definitely  whether  they  were  KARA 
and  KURA.  The  greenish-'blue  spot  was  lavender  under  ultraviolet  light.  Shikimic 
acid  and  quinic  acid  (16}  have  chese  color  characteristics,  but  we  did  not  determine 
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the  ankaova  vas  either  or  these  acids, 
ofca  urAiii:  The  results  on  tKe  Aristotle's  lanterns  of  sea  uri'hias 
were  5  ag*  %  for  ff  NAI^A  and  20  tug.  ^  for  R  SANA  in  d^-y  tissue.  The  concen¬ 
tration  of  0  in  the  lipid  frertlOo  waw  higher  then  that  obtained  in  aice, 
but  the  encunt  of  lipid  was  SMsch  saallerj,  isaking  the  dry  weight  results  stnich 
lower  than  for  Mice.  J-'oth  C  and  11  showed  the  ssase  cbrowatography  pattern.  There 
were  two  spcte,  at  0.33  aod  with  soieevhat  a>ore  NOSA  than  KaKA, 

Sea  aneuOKe:  There  waa  xtQ  sialic  acid  la  the  R  fraction  In  sea  aaencmea 
since  the  ccrrection  factor  was  100  per  cent.  There  were  4  dr.  in  the  dry 
tiaaue,  howevei% 

throMatography  of  77  Dlcrograme  of  R  In  solvent  ERR  shoved  a  spot  at 
Hf  0.33.  Most  of  the  Daterial  prssent,  howevep,  had  Rfs  less  than  HOHA. 

There  were  at  least  three  of  these  spots.  In  fraction  G  at  77  aicrograina 
there  was  tusterlal  from  Rf  1.6  to  ^.9  with  perhaps  six  spots,  Including 
one  at  0<33  0.44.  The  separation  was  poor,  but  a  discrete  spot  vat 

pi'eaent  at  O.65.  fifty  aicrograns  of  G  la  solvent  EfH  also  shoved  discrete 
spots  at  both  0.33  und  0.44.  There  vas  a  great  deal  of  brovn  insoluble 
naterial  at  the  origin  as  in  the  G  fraction  from  snails. 

■^hiton:  Thltoas  contained  tr<'m  6  to  8  ag.  HANA  in  dry  tissue; 
iu  fraction  R,  77  nicrogranis,  there  was  no  RARA  apparent.  Instead  there 
war-  tailing  fron  the  origin  dova  to  about  an  Rf  of  0.35*  The  results 
were  -very  slMllar  to  those  of  sea  aneuomes.  The  G  fraction  also  shoved 
telling  froD  the  origin  with  perhaps  six  ccDponents  including  spots  at 
0.33  and  0.44.  There  vas  also  a  spot  at  0.^^  as  for  sea  anenoses,  but 
nothlug  at  O.65. 

Claa:  Clans  contained  3  wga  %  and  32  log,  $  NAHA  in  dry  tissue  for  G 
and  B  fractious  respectivftly.  Chromatography  of  12^  micrograms  of  G  shoved 
a  bright  pink  origin  under  ultraviolet  light,  and  brovnish  color  under 


11~ 


light.  Xh«iriLi  Uds  eutfcerlal  from  R£  of  0.07  to  0.48  including  spot* 
at  0.  33  and  0.44.  V/ith  90  microgteiaa  of  R  the  roaulta  twrci  aioilar  to  G. 

DISCOSSIOR 

S,v(sr‘f  animal  teatod  apparootly  had  aiallc  ucld  Isi.  thu  G  fraction.  Za  cha 
briain  tlssua,  the  Identritj  vas  de.l'initely  eatablialMKi,  the  typo  of  alalic 

acid  uaa  NANA.  The  aialtc  acid  in  both  R  and  G  fractions  oaa  aimilar  for  brain. 
There  vaa  ao  coosiatent  relationship  between  tbl-iA  ceacentratlon  a/d  phylogenetic 
level  of  the  nervoae  aystetn  .  If  the  geoglioeide  sialic  acid  ware  the  aaote 
constant  for  chordare  bralua  then  one  would  eapect  a  docreaae  in  the  mg.  Z 
aialic:  acid  in  lipid  along  the  phylogenetic  scale  from  homaa  to  fish  aa  the 
amoitov.  of  cortex  decreasea  with  coneoaaitsat  increase  in  white  matter.  White 
matter  coataios  more  lipid  (  19)  amd  less  sialic  acid  (9^  10).  This  should 
also  be  true  on  a  dry  weight  basis  aa  the  slae  of  the  cerebrum  decreases 
with  respect  to  the  cerehelinm.  The  letter  baa  been  reported  es  havlDg  e 
NANA  concentration  elmifar  to  carebral  white  metter  (  lb).  Thet  NANA  doee 
not  decrease  Is  shown  in  ths  bar-graph  of  Fig.  .3.  Ihs  valeea  for  chordata 
brains  cover  a  two-fold  raega,  f rom  300  to  600  a^.  1.  Thsse  diffarcncew 
may  be  due  to  different  mmouate  of  dl-  and  mono.,  alalogamgliealdda  which 
have  recently  been  ieolated  (20).  The  lipid-free  reoldua  values  ere  from 
330  to  560  mg.  I 

There  Is  also  ao  ayatamatic  relationship  becucen  the  ratio  of  R/G  NASA 
on  a  dry  weight  basis  in  chordates.  Human  beings,  turtles,  coekee,  frogs 
and  fish  have  ratios  abovs  one,  while  the  remaiader  ora  below  one.  As 
mg.  %  of  the  reopectlvw  brain  freetioas,  only  rata,  sa.ee,  amd  ebiekena  havm 
an  R/G  ratio  below  one.  lx  appears  that  If  the  NANA  eomoeatratlen  of  6 
la  froe  500  to  600  mg.  X,  thorn  the  G  values  are  higher  than  for  the  R  fraction. 
The  reverse  appears  to  be  trms  if  the  coaeantratioa  of  tho  G  fraction  ia 
300  ug.  X.  Whether  these  figuraa  have  nay  sigaliicamee  ia  aot  known. 

In  tche  whole  aalmsl  tissues  the  ooncantratleo  ef  sialic  acid  was 
less  In  ths  lower  forms  of  amlaale  whoa  compered  to  mico  omeept  for  the 
aoe  wrehim  (See  Fig.  5).  NAHA  appeared  to  be  aboont  ia  saail  and  crab 
hut  NGMA  was  pressnt  le  these  and  the  other  whole  tisaoas  taatad.  Thera 
ware  also  other  scidie  cempoumde  which  were  uaidemtlfied.  la  whole  mouea, 

•aa  arcKiea  sod  clams,  the  sialic  acids  of  the  t  sod  G  fraction  were  similar. 
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In  chitons,  «ei  sneaoafrd  «iid  •oaiin  tbny  wont  tiot.  Chlto««  and  sea  ananooM 
reacahlQd  each  ocher.  The  6  frActioa  eontaloed  both  HAMA  end  NOIA,  hvt  la 
the  R  fraetioo  only  RGRA  «u  preeeat.  Snaile  differed  fron  ell  other  eeeplee 
la  heviog  *  greealsb>blae  spot  ahieh  vam  ahead  of  NAHA  oa  paper. 
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fig.  2.  CoHpariaott  bcwHid  SoMatylMutraalaie  «eid  (HMU)  from  rat 
braia  flMglioalda  a«td  tatal  llptd  ym.  tim  (0.1  V  ^  C)1 

A.  Itfdxolfiia  tioa  curat  for  total  lipid  BAHA  taMurrtetod) 

B.  %d«ul7tia  tim  curve  for  gmglioaida  MARA  (eorrmtad) 

C.  Sam  at  eurta  A  after  eorrtotioD  for  iaterferriag  abtorptioa  with  narinum 
at  S30  Ml 


TabU  1 

Ibc  •ialie  «eid  content  of  brnin  feectlocui  of  cnimle 
(celeulated  aa  l-aca^/laauraaiialc  acid) 


aalaal  aaaplaa 

ttjjO 

total 

brain 

X  Liplda 
total  total 
aollda  brain 

Mg.  X  Gaaglioalda 

KAMA 

total  total  total 
liplda  aollda  braia 

Ng.  X  Lipid'frea  rasidaa 
KARA 

total 

raaidua  aolida  braia 

d«i 

1 

760 

57 

14 

311 

178 

43 

527 

225 

54 

leaf 

1 

80 

41 

12 

342 

207 

42 

375 

148 

30 

Park 

1 

83 

62 

10 

315 

195 

32 

360 

137 

23 

aac 

? 

a.d.-f 

1 

5lt 

3 

ll'T 

1 

5101 

74 

2561 

45 

571 

12 

4051' 

110 

46l 

10 

flat 

(parfuaad) 

S 

a.d. 

90t 

1 

32t 

2 

111 

1 

5131 

31 

2651 

28 

541 

4 

4S0t 

44 

2181 

32 

451 

8 

HaiiBa 

2 

a.d. 

79t 

2 

531 

12 

111 

1 

6121 

17 

3121 

10 

*♦1 

2 

458  1 

3 

2251 

16 

CklehM 

3 

a.d. 

1 

501 

5 

101 

1 

570 1 

48 

2861 

12 

59* 

5 

415^ 

8 

2051 

15 

42^ 

1 

TOrtla 

3 

Hadla 

«21 

1 

441 

2 

81 

1 

2821 

48 

1241 

23 

221 

5 

3351 

81 

1891 

47 

331 

Saaka 

3 

a.d. 

tot 

1 

541 

2 

101 

1 

301 1 

31 

1611 

18 

32* 

4 

3471 

132 

1631 

67 

321 

13 

Prog 

4 

a.d. 

2 

451 

2 

71 

1 

2951 

108 

1351 

53 

22t 

10 

5201 

113 

2851 

65 

Plab 

4  ? 
a.d. 

•0* 

1 

ill 

1 

3241 

21 

1851 

1 

371 

3 

5631 

16 

2511 

30 

504 

6 

Crab 

1 

83 

36 

6 

20 

7 

1 

21 

14 

2 

*  valna  tahaa  from  rafnrenea  21 

■I'  ataadard  daalatiaa  ealeulatad  aa  *  nB«  akara  w  •  range  and  la  a  eonataat  fro* 
lakla  i  of  Oaaa  and  OiaDoa  (8) 

a 

V  3  af  laa  iaataad  of  4  for  cka  gaaglioalda  alalle  acid. 


T«bltt  2 


Tim  tlallc  acid  coaC«*&c  of  nbol*  tisauaa  of  vartou*  anisals 
(Calculatad  «•  M-acatylMurttninU  Mid  •  KAIU) 


Hi.  X  GntllMlda  !||.  X  Lipld-frM  r««i<hw 

X  B2O  X  Llplda  RAMA  mMA 

Mo.  total  total  total  total  total  tot»«  total  total  total 

aaiaal  aaaplM  braia  sto'iida  btaia  llplda  aollds  brala  raaldM  oolida  brain 


Mouaa 

1 

73 

33 

9 

66 

23 

6 

120 

79 

22 

Snail 

2 

a.d.* 

«3i 

1 

2 

3± 

4 

3*t 

6 

2 

1? 

83^ 

27 

lot 

21 

12 1 

Soa  nralUai 

(Arlatotlc* 

lantarn) 

4* 

a 

a.d. 

SO 

t 

5 

S 

+ 

r 

3 

80 

± 

8 

‘i 

1 

2 

“1: 

6 

S 

% 

3 

Claa 

2 

a.d. 

7Sd- 

l 

1 

4 

17+ 

m 

7 

’f 

>1 

40^ 

14 

32t 

11 

% 

«• 

Chitoa 

1 

S3 

20 

2 

31 

6 

>1 

10 

6 

1 

Soa 

3 

a.d« 

80^ 

21t 

10 

*± 

2 

I6j: 

9 

2 

7^ 

0 

*  Staadavd  daviatlan  ealanlatad  aa  for  XiAU  1 
f  idMira  ao  a.d.  la  given  It  taitaataa  tbat  tto  vain*  vaa  law 
^  Calealatod  fmoi  3  valnaa  for  gaagllwlda  RAMA  Inataad  of  4. 


apbgr  of  OangilMldo  alalie  aeida  £>•■  tealo  md  liwla  tiaaoaa  of  oatlaua  aalmla 
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Fig.  4.  Fapar  ChroMtography  of  Uplf-frao  loolAio  SUlle  oeido  frqa  kroin  and  alula  tlasuaa  of  varioaa  aalMla 
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(MutMB  Mo.  1;  Solvent:  Ithanol:  ^Ot  MHj  (80:20:1) 


t.  ^8*  S 

H-acetylnatsramiaic  ac?.d  in  the  Braijjo  cud  Ticeuea  o£  raricuo  Aniinalo 
GmsLwsum  weamtsaQ  aczd  (baqa) 
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